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Abstract Biodiesel is an attractive alternative fuel for diesel
engines produced from vegetable oils or animal fats by
transesterification in the presence of a catalyst. The feed-
stocks used in this experiment for the production of biodiesel
were waste frying oil (WFME) waste canola oil (WCME),
and their different percentages are referred to as 25-WFME,
50-WFME and 75-WFME. The samples are sourced from
Northern Cyprus. Also, biodiesel was produced at Mechan-
ical Engineering research laboratory. The purpose of this
study is to investigate the effect of the temperature on the
kinematic, dynamic viscosity and density of the biodiesel
samples. Also, this paper examines the cold flow properties
as well as the kinematic viscosity, cloud point (CP) and pour
point (PP) of the produced biodiesel. The density, kinematic
viscosity, CP and PP measurements were made according to
ASTM standards. The properties of the produced biodiesel
such as viscosity and density were measured within tem-
perature ranges 20–270 C in steps of 10 C. The kinematic
viscosity, CP and PP were measured within temperature
range -10–20 C. In this study, five general correlations
were presented for estimating the density and kinematic
viscosity of the blends at several temperatures. The experi-
mental investigation showed that CP and PP of WCME
increased with an increase in the concentration of WFME.
Furthermore, empirical equations for predicting the viscos-
ity, density, CP and PP for biodiesel samples give values in
good agreement with experiments. The results obtained
show that with the increase of the temperature, kinematic
viscosity, dynamic viscosity and density decreased.
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Introduction
Biodiesel is a clean-burning, renewable fuel, which is
defined as the monoalkyl esters of long fatty acids [1–4]. In
order to decrease the price of biodiesel, attention has
recently been focused on non-edible oils, especially on
waste vegetable oils, which are renewable and easily
available. Many researchers have investigated the transes-
terification of waste vegetable oils for the synthesis of
biodiesel [5–10]. Transesterification does not change the
fatty acid composition of the feedstock. The composition
plays an important role to determine some of the main
parameters of the biodiesel such as viscosity and cold flow
properties. Chain lengths, branching of the chain and
degree of saturation generally affect the physical and fuel
properties of a fatty acid methyl ester [11, 12]. A change in
the nature of the fatty acid profile in the biodiesel leads to
overall changes in its fuel properties [13, 14].
One of the most important properties of biodiesel is
viscosity, because it affects the fuel injection equipment
[15–17], especially in cold weather, since viscosity
increases as temperature rises [18]. Biodiesel viscosity is
usually higher than that of diesel, and this higher viscosity
level result in longer liquid penetration times and worse
atomization [17, 19] compared to the case with diesel fuel.
Previous studies revealed that the density and viscosity of
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[20–22]. It was observed that both viscosity and density
decrease as the temperature increases.
The effects of main transesterification reaction param-
eters including the catalyst amount, reaction temperature,
reaction time, alcohol/oil molar ratio, on biodiesel prop-
erties were investigated by various researchers using dif-
ferent optimization methods such as Response Surface
Methodology [23–26]. It has been reported that, an
increase in the reaction temperature and alcohol/oil molar
ratio lowered the biodiesel yield due to the evaporation of
alcohol. Moreover, other researchers have investigated the
effect of alcohols on transesterification reaction for the
production of biodiesel [27]. It has been concluded that
higher alcohols have lesser reactivity so need more catalyst
and higher temperature to speed up the reaction.
Several cold flow properties of the diesel and biodiesel
fuel are generally used to classify cold weather perfor-
mance, in terms of the cloud point (CP) and pour point
(PP). Researchers have applied various experimental
techniques to investigate the cold flow behavior of bio-
diesel (CP and PP) production from various feedstocks
[28–32]. It was revealed that at the temperatures
approaching the beginning of crystal formation, the vis-
cosity rapidly increases, and the viscosity of the blend
changes of between biodiesel and the diesel.
Some research has been conducted to identify the effect
of higher alcohols on biodiesel properties and also to study
how cold flow properties can be improved [33]. The most
popular higher alcohols are methanol and ethanol, but
additional higher alcohols such as 1-propanol, n-butanol
butan-2-ol, and iso-propanol are also used. It was obtained
that these branched-chain esters reduced the biodiesel
crystallization temperature [33].
Several studies have been carried out that focused on
replacing diesel fuel with biodiesel, which can be used
alone or in blends with diesel fuel [34, 35]. For this reason,
in recent years there has been a growing interest on bio-
diesel production from various vegetable oils in order to
widen the available alternatives to diesel fuel.
In this study, biodiesel from waste frying oil and waste
canola oil were prepared through transesterification reac-
tion. The effects of temperature (from 20 to 270 C) on
kinematic viscosity, dynamic viscosity, and density of
waste oil based biodiesel were examined and compared
with those in the standards. Other properties such as Cloud
Point, Pour Point as well as kinematic energy were also
evaluated from the onset of crystallization to 20 C. Fur-
thermore, mathematical expressions of temperature
dependence of these physical parameters are given to
characterize the samples studied. The target of this study is
to examine their feasibility for biodiesel production from
waste oil in order to promote an economical and environ-
mentally friendly process for biodiesel production. This is




Waste frying oil samples were collected from Northern
Cyprus and filtered to remove existing inorganic residues.
The biodiesel productions from waste oils have been
studied in laboratory environment. The similarities in the
composition of vegetable oils/animal fats and petroleum
derived diesel sustain their conversion to biodiesel [36–38].
Five different biodiesel samples sourced via the transes-
terification technique were employed, which remains one
of the most promising methods [39]. The process transpires
in a sequence of three consecutive reversible reactions:
triglyceride gets converted stepwise into diglyceride,
monoglyceride, and finally, glycerol as a result of which
one mole of alkyl ester surfaces in each step [40, 41]. In
order to avoid the negative impacts of biofuels on food
prices and supplies [42], the transesterification processes in
the present study expend waste frying oil and waste canola
oil. In this context, waste frying oil refers to a mixture of
used frying oil sourced from different restaurants as pro-
duced from different feedstock, and waste canola oil refers
to used oil from pure canola vegetable oil.
Henceforth, WFME signifies methyl esters of waste
frying oil. WCME represents methyl esters of waste canola
oil and their different mixing percentages are referred to as
25-WFME, 50-WFME, and 75-WFME, where the number
in the prefix indicates the percentage of WFME present in
the mixture. Table 1 compares the fatty acid methyl ester
composition of WFME and WCME. Also, the composition
of each fatty acid present in the mixtures was calculated
proportionally according to the required percentages. The
fatty acid methyl ester of biodiesel produced from the
waste frying oil and canola oil is compared with the
available published data in the literature [43–53]. The most
common fatty acid components of biodiesel feedstock in
the literature were compared with current work, namely,
C12:0, C14:0, C16:0, C18:0, C18:1, C18:2, C18:3, C20:0
and C20:1. It is found that the fatty acid composition of the
current work was within the range of maximum and min-
imum of eight fatty acids obtained from the literature and
were in good agreement with the published data as shown
in Table 1. All samples were sourced from North Cyprus,
with the climatic condition tagged as subtropical climate-
Mediterranean, according to Koppen climate classification
[54]. Calsisol, Leptosol and Vertisol exist as the major soil





Biodiesel standards are in place to ensure that only high-
quality biodiesel reaches the marketplace. The two most
important fuel standards are ASTM D6751 [56] in the
United States and EN 14214 (European Committee for
Standardization (CEN) [57] in the European Union.
Table 2 summarizes the limit values of density and kine-
matic viscosity for biodiesel and biodiesel petrodiesel
blend (B6–B20) fuel, ASTM D7467 [58], ASTMD975
[59], EN 590 [60], ASTM D396 [61] and EN 14213 [62].
In the cases of ASTM D7467, D975, and D396, the
biodiesel component must satisfy the requirements of
ASTM D6751 before inclusion in the respective fuels.
Correspondingly, in the European Union, biodiesel must
satisfy EN 14214 before inclusion into petrodiesel, as
mandated by EN 590.
Experimental Setups
The biodiesel samples were analyzed to determine their
viscosity, density, and cold flow properties (CP and PP).
The effect of temperature on the biodiesel properties
including kinematic viscosity, dynamic viscosity, density
Table 1 Fatty acid methyl ester composition (wt%)
Current work Literature data [43–53]
M (g/mol) Measured composition (wt%) Calculated composition (wt%) Min. value Max. value
WFME WCME 75-WFME 50-WFME 25-WFME
Methyl caprylate C8:0 158.2380 0.05 0.00 0.04 0.03 0.01
Methyl caprate C10:0 186.2912 0.33 0.00 0.25 0.17 0.08
Methyl Laurate C12:0 214.3443 1.18 0.08 0.91 0.63 0.36 0.0 49.2
Methyl myriatate C14:0 242.3975 0.10 0.00 0.08 0.05 0.03 0.0 25.9
Methyl palmitate C16:0 270.4507 37.29 5.63 29.38 21.46 13.55 0.9 44.1
Methyl stearate C18:0 298.5038 4.04 1.57 3.42 2.81 2.19 0.3 23.5
Methyl oleate C18:1 296.4879 40.42 62.97 46.06 51.70 57.33 1.8 92.5
Methyl linoleate C18:2 294.4721 17.84 21.34 18.72 19.59 20.47 0.0 77.3
Methyl linolenate C18:3 292.4562 0.18 6.99 1.88 3.59 5.29 0.0 72.3
Methyl arachidate C20:0 326.5570 0.00 0.46 0.12 0.23 0.35 0.0 7.5
Methyl erucate C20:1 324.5411 0.00 1.04 0.26 0.52 0.78 0.0 66.5
Table 2 Generally applicable requirements and test methods
Property Unit Standard method Value according to
the standard method
Kinematic viscosity at 40 C mm2/s ASTM/D.6751 1.9–6.0
ASTM D6751 biodiesel fuel standard
Kinematic viscosity at 40 C mm2/s ASTM D445 1.9–6.0
Cloud point C D2500 Report
European committee for standardization EN 14214 biodiesel fuel standard
Kinematic viscosity at 40 C mm2/s EN ISO 3104, ISO 3105, EN ISO 310 3.5–5.0
Density at 15 C kg/m3 EN ISO 3675,
EN ISO 12185 860–900
Cloud point C EN 23015 Location and season
dependant
ASTM D7467 biodiesel-petrodiesel blend (B6–B20) fuel standard
Kinematic viscosity at 40 C mm2/s ASTM D445 1.9–4.1
Physicochemical properties of waste frying oils based-biodiesel (ASTM D 6751)
Kinematic viscosity at 40 C mm2/s ASTM D445 4.21–6.0
Density at 15 C kg/m3 ASTM D40 867–…..
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were tested within the temperature range of 20–270 C to
consider the effect of the injector and fuel supply line
temperature. The cold flow properties increased with a
higher viscosity values. In addition, high viscosity fuels
will take more time to mix with the air inside the engine
reducing the quality of the vaporization and atomization of
the fuel. To reduce the impact of viscosity, the blending
method has a positive effect on diesel engine performance
as it improves lubricity [63–67]. Therefore, the temperature
effect on cold flow properties and kinematic viscosity were
investigated over the temperature range from the onset of
crystallization until 20 C.
Kinematic Viscosity Setup
From 20 to 270 C Ubbelohde viscometer (ASTM) was
used to measure the kinematic viscosity because of its well-
known application and accuracy. It enables transparent and
high temperature measurement [68]. To ensure precise and
stable temperature control during measurements, a digital
temperature controller resistance was used to measure the
temperature. A uniform temperature inside the silicon oil
bath was attained. However, the mixer enabled the regu-
lation of the temperature of a heated oil bath containing the
viscometer by means of an electric heater. The temperature
of the oil bath was varied from 20 to 270 C. Each sample
was tested four times, and the average viscosity was cal-
culated. Figure 1 shows the experimental setup used to
determine the temperature dependence of density and vis-
cosity of the samples analyzed. In order to precisely
determine the relationship between the time of flow and the
kinematic viscosity for the three viscometers used, cali-
bration of the instrument is necessary. The calibration was
done by the manufacturer, SI Analytics GmbH, Mainz
according to ASTM D 2525/D 446 and ISO/DIS 3105. The
instrument constant, K, [(mm2/s)/s] was determined and
given as in Table 3. The calibration constant can be used
up to the temperature of 270 C, and the influence of the
temperature on the capillary constant due to thermal
expansion of the Duran glass is negligible [69]. For abso-
lute measurement, the corrected flow time multiplied by
the viscometer constant K directly gives the kinematic
viscosity (mm2/s) as given in Eq. (1).
t ¼ Kðt  yÞ ð1Þ
where m, K, t, and y represent the kinematic viscosity, the
calibration constant, measured time of flow and kinetic
energy correction [70] (HC, as given by the manufacturer)
respectively.
From -10 to 20 C Figure 2 shows the experimental
setup used to measure the kinematic viscosity of veg-
etable oils in the temperature range -10 to 20 C. The
experimental setup consists of a cooling bath (glass
aquarium), a compressor, a mixer, and a thermostat.
Alcohol (ethanol) is the simplest and cheapest cooling bath.
To obtain a uniform temperature distribution within cool-
ing bath, the cooling bath is equipped with a mixer to
circulate the alcohol. The bath temperature was controlled
using a thermostat, by automatically starting up and shut-
ting down the compressor. A coil connected to a com-
pressor cools down the liquid bath, and the compressor is
cooled down by a radiator as shown in Fig. 2. The cooling
bath was thermally isolated from the rest of its surround-
ings by a 3 cm thick Styrofoam layer.
Density Setup
The density measurement was made according to ASTM
standard D854. The density of the biodiesel was measured
using a pycnometer with a bulb capacity of 25 ml. How-
ever, all density measurements were performed in triplicate
with the pycnometer. The weighting was done by using a
high precision AND an electronic balance (model HR 300,
Fig. 1 Schematic of the
experimental setup used to
measure the viscosity of




Japan) with a precision of ± 0.1 mg. The density values of
the samples were measured for temperatures between 20 to
270 C. The experimental setup of measuring the density
of biodiesel samples is shown in Fig. 1.
Cloud Point and Pour Point Setup
The biodiesel samples were tested as per American stan-
dard test method for Cloud Point and Pour Point,
ASTMD2500, and ASTMD97, respectively. The setup
mainly consisted of a cooling bath, glass test jar, ther-
mocouples, multi-thermometer, and a regulator as depicted
in Fig. 3. A glass test jar was placed in an aluminum
cylinder inside the cooling bath liquid. The glass test jar
was isolated from the aluminum cylinder by means of a
cork support, stopper and ring assembly. Also, the cylinder
has been immersed into an 8-liter stainless steel cooling
bath containing alcohol at -25 C. The cooling bath was
put inside an 11 cm thick styrofoam block in order to
isolate it from any vibrations and heat transfer to keep the
cooling bath temperature at the required temperature
during the test very cold for a long period of time. The
entire system was covered by a 3 cm thick wooden box.
Three T-type thermocouples were used to measure the
temperature in the cooling bath; the first one to measure
the temperature of the bath, the second one is used to
measure Cloud Point, which was placed at the bottom of
the glass test jar, while the last one to measured the Pour




Capillary no. Capillary dia. I ± 0.01(mm) Constant K, (mm2/s)/s Measuring range (mm2/s)
0c 0.36 0.002856 0.6–3
I 0.58 0.009132 2–10
IC 0.78 0.02799 6–10
Fig. 3 The schematic of the




Point, which was placed in the upper part of the sample in
the glass test jar.
Results and Discussion
Accuracy and Repeatability
To ensure the accuracy of the results, an accuracy and
repeatability test was carried out. The kinematic viscosity
of pure water at 30 C was found to be 0.803 mm2/s. The
value is given as 0.80908 mm2/s [71]. The percent error of
the measured value was calculated to be less than 1 %.
Table 4 shows the repeatability test results for some sam-
ples at specific temperatures. For each sample type, the
measurement of the flow time was repeated at each specific
temperature four times, and the average flow time was
recorded for the calculation of kinematic viscosity. How-
ever, with accuracy and repeatability error less than 1 %, it
can be concluded that the results to be discussed are 99 %
accurate and precise. These measurements were carried out
at different temperatures (see Table 4) and atmospheric
pressure.
Kinematic Viscosity
From 20 to 270 C Figure 4 shows the relationship
between the kinematic viscosity and temperature of
WFME, WCME, 25-WFME, 50-WFME, and 75-WFME,
respectively. It can be seen that viscosity decreases as
temperature increases and this behavior can be explained
by kinetic molecular theory [72].
Figure 5 shows the change of the kinematic viscosity
with the increase of the percentage of WFME to WCME.
The x-axis represents the fraction of WCME, whereas the
kinematic viscosity values are provided on the y-axis. It
can be observed that the kinematic viscosity decreased as
the percentage of WFME increased for each temperature
considered.
From -10 to 20 C Figure 6 and Table 5 provide the
kinematic viscosity of biodiesel samples. The tests were
initially conducted by 5 C increments. Toward, the end of
the tests 1 C or 2 C increments were taken to determine
the highest kinematic viscosity of the samples.
It can be seen from Fig. 6 that decreasing the tempera-





























Fig. 4 Kinematic viscosity—temperature relationship for all samples
Table 4 Ubbelohde viscometer repeatability results for some of the biodiesel samples






















biodiesel samples. The formation of crystals of biodiesel
samples occurred at various temperatures depending on the
percentage of WFME as shown in Table 5.
Density
The density of five samples of biodiesel was measured at a
range of temperature, and the results are shown in Fig. 7. It
was observed that the density of the blends increased with
the percentage of WFME in the blend at all temperatures
and decreased with the increase in temperature for all the
tested biodiesel samples.
The relationship between the density of the sample and
their relative composition percentage at some chosen
temperature is shown in Fig. 8.
Dynamic Viscosity
Dynamic viscosity values were calculated from the density
and kinematic viscosity by multiplying the measured den-
sity and the kinematic viscosity values. The variations in
the dynamic viscosity of different blends of WFME and
WCME with temperature are shown in Fig. 9. The results
showed that, for each of the blends with different percent
mixture composition, the viscosity decreased rapidly non-
linearly with increasing temperature.
The change of the dynamic viscosity with the increasing
of percentage of WFME to WCME at chosen temperatures
























































Fig. 6 Kinematic viscosity-temperature relationships of the biodiesel
samples
Table 5 Kinematic viscosities
of five biodiesel fuel samples in
the temperature range
-10–20 C
Temperature (C) Kinematic viscosity (mm2/s)
WCME 25-WFME 50-WFME 75-WFME WFME
20 7.351 10.4399 9.637 9.637 7.415
15 8.612 12.315 11.472 11.426 8.711
10 9.788 14.519 13.42 13.42922 nda
8 10.414 15.557 14.351 nda –
5 11.834 17.57 nda – –
2 13.143 20.284 – – –
0 14.03 nda – – –
-3 15.59 – – – –
-5 18.282 – – – –
-7 21.516 – – – –
-8 23.8629 – – – –
-10 nda – – – –























Fig. 7 Density—temperature relationship for all samples
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percentage of WFME leads to a decrease in the dynamic
viscosity of the biodiesel.
Cloud Point and Pour Point
Cloud point is the temperature at which small solid crystals
are observed at first as the fuel is cooled [73]. In this
experiment, the cloud point was definitely the temperature
point when the character on the reverse side of the test tube
was disappearing due to the formation of crystal wax. Pour
Point was determined by cooling down the samples until
the biodiesel was totally ceased, and then the degree before
the ceasing point was recorded. Pour Points and Cloud
Points of biodiesel samples are shown in Table 6. It can be
seen from Table 6 and Fig. 11 that increasing the per-
centage of WFME leads to an increase of the Pour Point
and Cloud Point of the biodiesel samples.
Mathematical Models of Biodiesel Samples
A mathematical model is a simple description of physical,
chemical or biological processes. Saxena et al. [74]
reviewed various methods for the prediction of important
thermophysical properties such as cetane number, kine-
matic viscosity, density, higher heating value, flash point,
cloud point, pour point, cold filter plugging point and vapor
pressure for various biodiesel feedstocks.
Sivaramakrishnan and Ravikumar [75] developed an
equation to calculate cetane number of various veg-
etable oils and their biodiesel from their viscosity, density,
flash point and higher calorific value. They concluded that
this equation gives an accuracy of 90 %.
For vegetable oils, it has been shown that density
decreases linearly with an increase in temperature. This
correlation can be expressed mathematically as in [76],
q ¼ aþ bT ð2Þ
where q. is the density expressed in g cm3, T is the tem-
perature expressed in C, a is the intercept and b is a
negative slope.
According to Krisnangkura et al. [77], viscosity may be
considered the integral of the interaction forces of mole-
cules. When heat is applied to fluids, molecules can then
slide over each other more easily making the liquid to
become less viscous. The effect of temperature on the
kinematic viscosity of a given liquid is described by means
of the Arrenhius equation




where m is the kinematic viscosity, mm2/s, Ea the activation
energy for flow, R the universal gas constant and T the
absolute temperature, K. Additionally, A1 ¼ NAhV where NA,
V and h arethe Avogadro’s number, the molecular volume
and the Plank’sconstants, respectively. The SI physical unit
of kinematic viscosity is m2 s-1. In the case of veg-
etable oils, Eq. (3) can be rewritten as in Eq. (4), which is
known as the Andrade equation [76, 77]




where T is the absolute temperature and A1 and B are
specific constants to be adjusted for each specific oil. By



















































































Fig. 10 Density and percentage composition relationship
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ln mð Þ ¼ Aþ B
T
ð5Þ
Equation (4) allows us to linearize Eq. (4) by applying the
least-squares method and making 1/T the independent
variable.Additionally, Azian et al. [78] suggested modify-
ing Eq. (5), which is especially useful when dealing with
wide temperature ranges,





Sometimes, the dynamic or absolute viscosity l is applied,
which can be calculated from the kinematic viscosity m and
the density q as,
l ¼ mq ð7Þ
The SI physical unit of dynamic viscosity is the Pa s. The
viscosity of biodiesel could be estimated by the empirical
equations derived from Grunberg–Nissan’s equation at
which the interaction term of the binary pairs of methyl

















wi, Mi, Ni are the mass fraction (wt%/100), molecular
weight in g/mol, and the number of double bond in the fatty
acid chain respectively (refer to Table 1). T is the tem-
perature in Kelvin, qb is the density of the biodiesel in g/
cm3, lb is the dynam viscosity in mPa s. The kinematic
viscosity is estimated from Eqs. (8) and (9).
tb ¼ lbqb
ð10Þ
To predict the viscosities and densities of biodiesel samples
at different temperature the correlation between viscosity
and temperature and density and temperature, a statistical
software package was used to analyze the data. The best
correlation between viscosity and temperature as well as
between density and temperature for each of biodiesel
sample can generally be written as shown in Table 7.
Overall, the empirical equations realize the best accuracy
for the prediction kinematic viscosity, dynamic viscosity,
and density of five samples with the highest correlation
coefficient of 0.999. Furthermore, this shows that the
empirical equations can be used confidently to predict the
biodiesel properties (kinematic, dynamic viscosity and
density).
The measurements of the cloud point and pour point
were correlated as a function of percentage composition by
empirical second order polynomial equations. From the
regression coefficient, it was observed that the regression
analysis of the data shows that the polynomial equation is
better fitted for the measured values than a linear equation
[80, 81].
The proposed equations for calculating cloud point and
pour point as a function of composition respectively are
shown in Table 7.
As both density and viscosity are highly temperature
sensitive, it is possible to determine the dependence
between them. According to Rodenbush et al. [75], when
dealing with vegetable oils, the dependence between den-
sity and viscosity can be expressed as illustrated in
q ¼ Dþ E
m1=2
ð11Þ
Equation (11) is particularly useful because it can be
adjusted by means of a least-squares linear regression by





















Fig. 11 The cloud and Pour Points of biodiesel samples
Table 6 Cloud point and pour
point of the five biodiesel
samples
Biodiesel samples WFME (%) Cloud point (C) Pour point (C)
WCME 0 -1 -10.5
25-WFME 25 5.7 -1
50-WFME 50 11.5 3.5
75-WFME 75 14 7.7
WFME 100 17.8 11.3
Waste Biomass Valor
123
Table 7 shows the relationship between the density and
kinematic viscosity and indicates that equation is accom-
plished when dealing with the studied biodiesel prepared
from waste oil obtained notably high R2values in all bio-
diesel samples.
Conclusions and Future Works
The biodiesel samples were prepared via the transesterifi-
cation method to investigate the biodiesel properties. The
kinematic viscosity and density of the prepared biodiesel
samples were within the European biodiesel standard and
with the exception of the American specifications. In this
study, the biodiesel properties (kinematic viscosity,
dynamic viscosity and density) and cold flow properties
(CP and PP) and kinematic viscosity of the biodiesel
samples were measured within the temperature range from
20 to 270 C and -10 to 20 C, respectively. The fol-
lowing points have been observed based on the results
obtained from the experiments:
1. At high temperatures (above 250 C), the value of the
kinematic viscosity is almost equal and the difference
between these values is about 3 %.
2. It has been noticed that the density and the viscosity of
the biodiesel sample increase with the increase of the
biodiesel fraction. It is also seen that the density and
viscosity of each sample decrease with an increase in
the temperature.
3. The cloud point and pour point of the WCME
increased when the WFME contents of the mixture
increase.
4. Empirical equations to predict the density and the
viscosity of the biodiesel and its blends as a function of
temperature have been developed. The empirical
equations and the measured data closely match with
Table 7 General mathematical-physical model of the biodiesel samples based on the temperature
From 20 to 270°C From -10 to 20°C
Kinematic viscosity (mm2/s) Kinematic viscosity (mm2/s)
A B R2 A B R2
WFME -3.709 1629.546 0.995 WFME -7.275 2718.542 1.000
WCME -3.856 1677.753 0.996 WCME -8.704 3114.84 0.970
25-WFME -3.953 1770.771 0.993 25-WFME -7.635 2921.147 0.996
50-WFME -3.678 1659.55 0.992 50-WFME -6.998 2715.690 0.999
75-WFME -3.626 1631.429 0.993 75-WFME -7.120 2750.748 0.999
From 20 to 270°C From 20to 270°C
Density (kg/m3) Dynamic viscosity (Pa.s)
A B R2 A B R2
WFME 1127.348 0.872 0.997 WFME -11.343 1812.064 0.998
WCME 1176.388 0.979 0.989 WCME -11.539 1881.91 0.999
25-WFME 1156.379 0.92 0.994 25-WFME -11.597 1961.845 0.997
50-WFME 1144.683 0.893 0.991 50-WFME -11.309 1845.049 0.996
75-WFME 1170.283 0.935 0.994 75-WFME -11.259 1822.509 0.997
From 20 to 270°C
Density-kinematic viscosity Cloud Point (°C)
A B R2 A B C R2
WFME 6.778 -0.158 0.993 -0.88 0.288 -0.001 0.995
WCME 6.794 -0.163 0.978 Pour Point ( )
25-WFME 6.787 -0.167 0.985
50-WFME 6.788 -0.173 0.976 A B C R2
75-WFME 6.788 -0.180 0.988 -10.429 0.474 -0.005 0.999
T the temperature of biodiesel (K); y the percentage of biodiesel
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R2 of 0.995 for density, kinematic viscosity, PP and CP
model.
5. As a result, it is suggested from the study that it is
possible to use the biodiesel obtained from waste oils
as an alternative fuel, which can be considered as
renewable energy and environmental recycling process
from waste oil after frying.
An interesting future study might measure the other prop-
erties of the biodiesel samples such as the specific gravity
and cold filter plugging point. Moreover, to improve the
cold flow properties of the biodiesel samples, some kind of
improvers such as conventional diesel fuel (petrodiesel) or
alkyl esters can be added.
Since biodiesel can degrade due to oxidation, contact
with water, and/or microbial activity, the storage of bio-
diesel over extended periods may lead to degradation of its
fuel properties. Consequently, this research suggests that
the degradation process of biodiesel at different tempera-
tures and exposure times should be studied in the future.
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